objectives To present the features of human leptospirosis over three time periods (1970-1975; 2000-2005; 2010-2015), to compare the collected data and to determine whether the incidence, seasonal and spatial distribution, prevalence of presumptive infective serogroups and clinical features have changed over the last 50 years.
Introduction
Leptospirosis is an infectious disease caused by pathogenic bacteria of the Leptospira genus. Although its incidence is highest in tropical and subtropical areas, it is considered to be one of the geographically most widespread zoonosis. It is estimated that there are 1.03 million cases a year with 58 900 lethal outcomes [1] . Recent research has reported a positive correlation between precipitation and flooding, and the incidence of leptospirosis. Therefore, it is safe to conclude that climate change and global warming will likely cause an additional increase in the number of leptospirosis cases in the future [2] [3] [4] . The main reservoirs of the disease are rodents, but leptospires can infect a variety of domestic and wild animals. Reservoirs and infected animals excrete Leptospira in their urine. Bacteria invade the organism through damaged skin or mucosa during direct contact with the infected animal, or more commonly during indirect contact with the contaminated environment. Traditionally, leptospirosis was considered an occupational disease that affects people who work outdoors and are in contact with stagnant water or mud, and people who work with animals. However, it has recently been recognised that people often become infected after recreational outdoor activities in a moist environment [5] [6] [7] [8] [9] . It is also more frequently recognised in travellers and soldiers from developed countries travelling to the tropics and subtropics [10] . Infection may be subclinical, or have various clinical manifestations -from a mild non-specific febrile disease to severe disease with high mortality rates. Leptospirosis in humans is usually acute, but certain chronic consequences of the disease have also been observed [10] [11] [12] [13] [14] [15] . Diagnosis is based on direct and indirect microbiological methods [16, 17] . Timely and accurate diagnostics are a prerequisite for early antimicrobial therapy, crucial in severe clinical cases [18] . Prevention of the disease is based on avoidance of direct and indirect contact with infected urine, which is almost impossible for people occupationally or recreationally exposed to a contaminated environment [19] .
Leptospirosis in animals and humans in Croatia has been investigated for decades. Apart from the coast and the islands, the whole Croatian territory is considered to be an endemic focus of leptospirosis, with one of the highest incidences reported in Europe [20] [21] [22] [23] [24] [25] [26] . Certain changes in the epidemiology and clinical manifestation of the disease in humans have already been reported. Nevertheless, to date, these changes have not been thoroughly analysed. To assess fluctuations in its prevalence, seasonal and spatial distribution, as well as the distribution of presumptive infective serogroups and the clinical features, we analysed epidemiological and clinical data collected during the three time periods.
Materials and methods
This retrospective investigation encompasses patients with confirmed leptospirosis who were admitted to Dr.
Tomislav Bardek General Hospital in Koprivnica-Kri zevci County, Croatia, and treated on the Infectious Diseases Ward. Data were collected for three-six-year periods: 1970-1975; 2000-2005; and 2010-2015 . Demographical and epidemiological data, seasonal and spatial distribution, clinical features and the incidence of presumptive infective serogroups from the three times periods were compared. Based on a modified scale for assessment of severity of clinical manifestation of patients suffering from haemorrhagic fever with renal syndrome (HFRS), according to Kuzman [27] , patients were divided into four groups with mild, moderate, severe and very severe clinical manifestations. The Kuzman classification scale is based on the graduation of severity of various parameters defined within four groups: general symptoms, bleeding tendencies, shock and abnormality of laboratory findings (including chest X-ray and electrocardiography). The samples for serology were collected during the acute and convalescent stages of the disease (four to six weeks after the patient was admitted to hospital). If only one serum sample was submitted for serology, 1:500 was considered to be a significant titre, while in patients where paired sera were collected, a fourfold rise in titre was considered significant [19] . Presumptive infective serogroups were determined by identifying the highest titres to one or more serovars belonging to a certain serogroup. History data were collected for every patient. This research was approved by the Ethics Committee of the Dr. Tomislav Bardek General Hospital in Koprivnica. All patients and/or their parents signed the informed consent.
Study area
Koprivnica-Kri zevci County in the north-western part of Croatia is considered to be a highly endemic area for leptospirosis in humans and animals. It occupies 1746 square kilometres mainly on the right bank of the River Drava, alongshore its tributaries, and on the slopes of the Bilogora and Kalnik mountains. At a rough estimate, fertile plains and valleys along the banks of streams account for about 60-70% of this area; the rest is hilly. In parallel with the River Drava, there is a large amount of standing water, mainly old riverbeds or reservoirs (artificial lakes) caused by continuing gravel extraction. The rural population in the county is predominantly involved in livestock breeding (especially pigs); there are small and large pig farms, and very commonly, waste water from those farms flows directly into the rural streams. The presence of rodents near households and by the streams is a daily occurrence.
Statistical analyses
Statistical analyses were performed using SAS 9. The procedures MEANS and FREQ of SAS were used to obtain descriptive data. The GEN-MOD procedure with Poisson distribution and logarithm link was used to estimate the incidence rate (IR), incidence rate ratio (IRR) and their 95% confidence interval (95% CI). To fit a model to the data measured on an IR, incidence rate; IRR, incidence rate ratio; CI, confidence interval; Icth, icterohaemorrhagiae; Aus, Australis; Sej, Sejroe; Grpth, Grippotyphosa.
†IRR refers to comparisons between the IR of the second and third with the first observed period when highest incidence rate was noted. ‡Percentages were calculated using a total number of positive cases in the observed time period.
ordinal scale (severity of clinical symptoms) and to estimate the odds ratios between the groups (age categories and source of infection), the GENMOD procedure was used with multinomial distribution and the cumulative logit link function. The general linear model (PROC GLM) was used to examine the association between age and clinical manifestation of the patients. Graphs were made using GPLOT and SGRENDER procedures.
Results
During the observed time periods, 185 patients from the Koprivnica-Kri zevci County were diagnosed with leptospirosis. Given the demographic changes, the calculated incidence of leptospirosis in the first time period was 0.81/1000, in the second time period 0.41/1000 and in the third time period 0.18/1000 inhabitants ( Table 2) . Patient age ranged from six to 82 years. About half (0.42/1000) of the patients in the first time period were children up to 15 years (mean age 21.6 AE 14.3), while in the second and third periods, the vast majority of the patients were middle-aged and elderly people (mean age 43.4 AE 17.8 and 55.6 AE 14.2, respectively). In all three time periods, male patients prevailed ( Figure 1 ). During the investigated time periods, a decline was observed in the number of patients with a mild clinical disease followed by an overall rise in the incidence of moderate, severe and very severe clinical cases (Table 2 ). In addition, despite significant advances in medical treatment of patients, mortality rates increased from 0.8% (1/113) recorded in the first period to 1.9% (1/51) in the second period, and 9.5% (2/21) in the third time period.
Almost all the patients included in the study lived in rural areas (83/113/73.5%; 44/51/86.3%; 17/21/80.9%). In the first time period, most of the patients were schoolchildren, while in the second and the third time periods, the majority of patients were middle-aged or elderly people (Figure 1 ) who were agricultural workers. Certain relationships between the age of the patients, proposed modes of infection stated in the historical data (Table 3 ) and the clinical severity of the disease were noted. The possibility of developing a more severe clinical picture increased with the age of the patients (Figure 2) . The odds that children (0-15 years) would develop a milder clinical form of the disease was 6.5 times the odds of patients aged 16-30 years and even 183.5 times the odds of patients aged <61 years (P < 0.0001). In addition, people who were probably infected during contact with domestic animals and rodents more often developed more severe clinical symptoms compared to patients where contact with water was the likely source of infection ( Figure 3 ). The calculated odds of patients developing milder clinical forms of the disease were 47.7 times higher if the presumed source of the infection was contact with stagnant water (P < 0.0001).
During all three time periods, most of the patients were admitted in August, but some variations in seasonal distribution between the observed periods were recorded. In the first time period, the disease was reported from June to October, with the highest incidence during the summer. In the second and third periods, the incidence was still the highest during the summer, with sporadic cases scattered throughout the year, and a higher incidence of leptospirosis in the autumn (Table 3, Figure 4 ). Icterohaemorrhagiae was the most prevalent presumptive infective serogroup during the first (39/113/34.5%) and second (19/51/37.3%) time periods, while in the third time period, it accounted for only 19.0% (4/21) of patients. At the same time, a continuous rise in infections caused by leptospires from the serogroup Australis was observed. They accounted for 8.0% (9/113) of infections in the first time period, 17.6% (9/51) of infections in the second and 23.8% (5/21) in the third, during which Australis was the most prevalent presumptive infective serogroup. Certain differences in the severity of the clinical diseases caused by the Icterohaemorrhagiae and Australis serogroups were noted. Infections with leptospires belonging to the Icterohaemorrhagiae serogroup were detected in approximately half (19/36/52.8%) of patients with severe and very severe clinical manifestation, and in 75.0% (3/4) of patients with a lethal outcome. Infections by the Australis serogroup were mostly associated with moderate clinical manifestations (10/38/26.3%) although severe (3/22/13.6%) and mild forms (10/111/9.0%) were also noted.
Discussion
The whole of continental Croatia is considered to be an endemic focus of leptospirosis, but it is most often encountered in the lowlands, especially in the valleys of the Sava, Drava and Neretva rivers, and their tributaries [21] [22] [23] [24] [25] [26] . Although Croatia still has one of the highest incidence rates of leptospirosis in Europe, a significant decline in its incidence over the last 50 years has been noted. According to this study, the incidence of leptospirosis in the second (2000) (2001) (2002) (2003) (2004) (2005) and third (2010-1015) time periods observed was 2 and 4.5 times lower than in the first (1970) (1971) (1972) (1973) (1974) (1975) . It is difficult to assess which factors might have influenced this decline in the prevalence of the disease. Habu s et al. [28] believe reasons for that might lie in better hygiene and sanitary conditions, implementation of rodent control programs and different legal regulation of veterinary preventive measures carried out on domestic animals [29] . This study suggests that, in addition to the reasons already proposed, the decline in incidence of leptospirosis might also have been the result of altered habits and behaviour of people. During the first observed period in this study, the most common mode of infection was by contact with streams and stagnant freshwater. At that time, swimming in rivers and lakes was a very common summer activity for schoolchildren, which probably explains the highest incidence of the disease in children up to 15 years of age. In the second and third time periods, this habit had changed, and contact with domestic animals and rodents became the most common mode of infection. Significant changes in leptospirosis epidemiology have been noted all over the world. Most developed countries report the increased frequency of leptospirosis observed in people involved in outdoor recreational activities and travellers [30] [31] [32] [33] [34] [35] . In Croatia, the incidence of leptospirosis remains highest among the rural population. Due to rural depopulation, farmers in Croatia are mostly middle-aged to elderly people, explaining why patients from those age groups prevailed in the second and third time periods. Leptospirosis has a seasonal distribution in Croatia. In the Koprivnica -Kri zevci County, along with Lyme borreliosis and tick born encephalitis, it is the most frequently encountered zoonosis in summer. During all the time periods, most of the cases were diagnosed in August, but during the second and third time periods the incidence curve shifted towards the autumn. It is highly probable that this shift in the temporal pattern of leptospirosis is related to the climate change and global warming.
To date, there is no expert consensus on the definition of a severe clinical case or the risk factors influencing the severity and outcome of the disease. Weil syndrome (lethality 10-15%) and leptospirosis pulmonary haemorrhagic syndrome (LPHS), with lethal outcome in >50% of patients, are undoubtedly the most commonly recognised severe forms of leptospirosis. Nevertheless, some authors define cases as severe only if they result in the death of hospitalised patients. Numerous investigations into the risk factors associated with the severity and outcome of the disease have also been inconclusive, but suggest that they could be influenced by numerous defined and undefined features of the pathogen and host [14, [36] [37] [38] [39] [40] [41] [42] [43] . In this study, we used a modified classification scale [27] to assess the severity of the clinical manifestation. Patients were consequently divided into four groups: those with mild, medium, severe, and very severe clinical pictures. Analysis revealed an increasing occurrence of severe and very severe clinical cases with higher mortality. While in the first time period, mild clinical cases prevailed, in the second and third time periods, a higher incidence of severe and very severe clinical cases was observed. At the same time, a change in the age distribution was noted. In the first time period, the infection was most frequent in children, as opposed to the second and third time periods when most of the patients were middle-aged to elderly farmers. Although the aim of this article was not to investigate the risk factors, we were interested in whether age or the presumed source of infection had an impact on the severity of the disease. The high rate of mild and clinically inapparent leptospiral infection in children has already been described in Croatia and other countries [44] [45] [46] , and again confirmed in this study. Based on the analysed data, it is difficult to say whether that difference in disease expression was more related to the age of the patients or possibly to a different mode of infection. As shown in the results, most of the children were probably infected while swimming in stagnant water where leptospires are more diluted (lower infective dose), as opposed to the adults that reported contact with domestic animals and small mammals as the most probable mode of infection. Several potential sources of bias that could influence the results of our study were considered. No significant changes in service utilisation patterns in Koprivnica Kri zevci County were found over the last 50 years. Accessibility to general health care and infectious disease specialists was fairly good and achieved through state and county owned primary healthcare services and the infectious diseases ward at the General Hospital. During the second observed period, the antigen panel used for diagnostics was expanded, improving diagnostic sensitivity. Between the second and third observed time periods, the National Reference Laboratory (NRL) for human leptospirosis was transferred from the NRL at the Veterinary Faculty to the Croatian Institute of Public Health, but the procedure stayed the same. However, this study only includes hospitalised patients. A number of individuals with leptospirosis will not seek medical attention because the symptoms are very mild and short-lived so the real incidence of leptospirosis is probably higher than reported in this study. In its mild form, leptospirosis can easily be confused with other febrile illnesses or not considered at all. Differential misclassification may occur due to the differing awareness of physicians that may vary over time.
In Croatia and its neighbouring countries, the appearance of previously rarely detected serogroups has already been noted. Peri c et al. [23] report the appearance of previously undetected presumptive infective serogroups (Tarassovi, Autumnalis, Poi, Hardjo, Bataviae, Ballum) in eastern Slavonia, Croatia. The serogroup Ballum, detected in the leptospirosis epidemic in coal miners in Zenica, Bosnia and Herzegovina, was at the time also considered rare in our area [43] . Seroepidemiological and seroepizootiological research into leptospirosis in Croatia conducted during 2007 detected changes in the prevalence of the presumptive infective serogroups, mostly due to the increase in incidence of the serogroup Australis [28] . A change in the presumptive infective serogroups was also observed in this study. In the first and second time periods, Icterohaemorrhagiae was the most prevalent presumptive infective serogroup, while in the third time, the Australis serogroup prevailed. Changes in the prevalence of infective serogroups are closely connected with human exposure to different animal reservoirs of Leptospira spp. Rats serve as maintenance hosts of the serovar Icterohaemorrhagiae. The previously mentioned improvement in sanitary-hygienic conditions and the implementation of integrated pest management programs consequently led to a decrease in direct and indirect contact with rats and environments contaminated with their urine. Subsequently, a decrease in the occurrence of infections caused by this serovar was also noted. In Croatia, the most commonly found serovar from the serogroup Australis is the serovar Bratislava. Although Bratislava may be found in almost all domestic animals, Milas et al. 2013 [47] found that the main reservoirs are myomorphous mammals, mainly the yellow-necked mouse (Apodemus flavicollis) and wood mouse (A. sylvaticus). Role of myomorphous mammals in leptospirosis epidemiology in Croatia was discussed in detail in previous studies [10-22, 26, 47] .
Conclusions
This retrospective research demonstrates changes in the incidence, seasonal distribution, prevalence of presumptive infective serogroups and clinical features of leptospirosis in the Koprivnica-Kri zevci County. A continuous decline in the incidence of the disease, an increase in the number of cases during the autumn months and an increase in middleaged and elderly patients were observed. A significant decrease in infections caused by the serogroup Icterohaemorrhagiae with an increase in infections caused by the serogroup Australis, currently the most prevalent serogroup in Croatia, was also demonstrated. Changes in the epidemiology of leptospirosis were accompanied by changes in the severity of the clinical picture. A decline in the number of patients with a mild clinical disease and a rise in the incidence of severe and very severe clinical cases and increased lethality were observed. Although a positive correlation between the severity of the clinical picture, age and presumed source of infection was noted, we are aware that they probably represent only a minority of the risk factors responsible for the severity and outcome of the disease.
